LCW LOSS SYNCHRONOUS RECTIFIER 
FOR APPLICATION TO CLAMFED-MODE 
POWER CONVERTERS 



C This application is a continuation in pan of application 
Set No. 08/054,918 filed on Apr. 29, 1993 now issued as 
U.S. Pat No. 5,303,138 on Apr. 12, 1994. 



FIELD OF THE INVENTION 

This invention relates to switching type power converters ^ 
and in particular to forward and flyback converters having a" 
clamp-mode topology. 

BACKGROUND OF THE INVENTION 15 

Self syn chroni zed rectifiers refer to rectifiers using MOS- 
FET rectifying devices having control terminals which are 
driven by voltages of the windings of the power transformer 
in order to provide the rectification of the output of the 
transformer. Use of synchronous rectifiers has been limited 
however by the inenidency of these rectifiers in buck 
derived convener topologies. Efficiency is limited due to the 
nature of switching of buck derived conveners (Le buck, 
buck-boost, boost converters including forward and flyback 
topologies) and due to the variabiHry of the transformer reset 
voltages in the forward type converters. This variability of 
reset voltage limits the conduction time of one of the 
MOSFET rectifiers, dnrrinishing the effectiveness and effi- 
ciency of the rectifier. This is brantse the rectifying devices 
do not conduct far the full switching period and the gate 
drive energy of one of the rectifiers is dissipated 
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SUMMARY OF THE INVENTION 

A synchronous rectifier is comhrnfri with a clamped-mode 33 
buck derived power converter. In one illustrative embodi- 
ment a hybrid rectifier includes a MOSEET rectifying device 
active in a first cyclic interval of the conduct! on/noncon- 
duction sequence of the power switch.' A second rectifying 
device embodied in one illustrative embodiment as a low 40 
forward voltage drop bipolar diode rectifying device is 
active during an alternative interval to the first conduction/ 
nonconduction mtervaL The gate drive to the MOSFET 
device is trmimamed continuous at a co n s tan t level for 
substantially the all of the second interval by the d ampin g 45 
action of the damping circui try of trie converter This 
continuous drive enhances the efficiency of the rectifier . 

The bipolar rectifier device may also embodied as a 
MOSFET device in a rectifier using two MOSFET devices. 
The subject rectifier may be used in both for wa rd and 
flyback power converters. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic of a f orwa rd converter, of the prior 55 
art, having a synchronous rectifier; 

FIG. 2 is a voltage waveform of the secondary trans- 
former winding of the converter of FIG. -1; 

FIG. 3 is a schematic of a damped-mode forward con- ^ 
vener with a synchronous rectifier embodying the prinriples 
of the invention; 

" FIG. 4 is a voltage waveform of the secondary trans- 
former winding of the converter of FIG. 3; 

FIG. 5 is a schematic of another version of a clamped- 65 
mode forward converter with a synchronous rectifier 
embodying the prinriples of the invention; 
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FIG. 6 is a schematic of another version of a clarnped- 
inodc f o r wad convener with a synchronous rccuncr and a 
center tapped secondary winding embodying the principles 
of the invention: 

5 FIG. 7 is a schematic of a - damped-mode fiybacx con- 
verter with a synchronous rectifier embodying the principles 
of the invention; and 

FIG. 8 is a schematic of another version of a ciamped- 
tnodc forward converter with a synchronous reoif er and a 
10 center tapped secondary winding embodying the prin c i ples 
of the invention. ' 

DETAILED DESCRIPTION 

15 In the convert er shown in the FIG. 1* a convent ional 
fo rward topology of the prior art with an isolating power 
transformer is combined with a self synchronized synchro- 
nous reenter. In such a rectifier controlled devices are used 
with the control terminals being driven by an output winding 

20 of the power transformer. 

A DC voltage input at input 100, is connected to the 
primary winding 110 of the power transformer by a MOS- 
FET power switch 101. The secondary wincing 102 is 
connected to an output lead ICS through an output filter 

25 inductor 104 and a synchronous rectifier mcfanrng die 
MOSFET rectifying devices 105 and 106. Each rectifying 
device includes a body diode 108 and 107, respectively. 
With the power switch 101 conducting, the input voltage 

^ is applied across the primary winding 110. The secondary 
winding 102 is oriented in polarity to respond to the primary 
voltage with a current flow through the inductor 104, the 
load connected to output lead 103 and bade through the 
MOSFET rectifier 106 to the secondary winding 102. Con- 

22 tinnity of omeut flow in the inductor 104, when the power 
switch 101 is non-conducting, is maintained by the urn eat 
path provided by the conduction of the MOSFET rectifier 
105.. An output filter capacitor HI shunts the output of the 
converter, 

40 Conductivity of the MOSFET rectifiers is controlled by 
the gate drive signals provided by the voltage appearing 
across the secondary winding 102. This voltage is shown 
graphically by the voltage waveform 201 in FIG. 2. During . 
the conduction interval T x of the power switch 101, the 

45 secondary winding voltage charges the gate of MOS- 
FET 106 to bias it conducting for the entire interval Tj. The 
MOSFET 105 is biased non conducting daring the T, 
interval. The conducting MOSFET rectifying device 106 
provides the current path allowing energy t ransfe r to the 

50 output during the intervalTj. The gate of MOSICT rectifier 
106 is charged in response to the input vo ltage AH of the 
gate drive energy due to this voltage is dissipated. 

As the power MOSFET switch 101 turns ofi% the voltage 
* V^j across the secondary winding 102 reverses polarity just 

55 as the time interval T 2 begins. This voltage reversal initiates 
a reset of the transformer magnetizing inductance, reso- 
nantly discharges the gate of M OSFET rectifier 106 and 
begins charging the gate of MOSFET rectifier 105. As 
shown by the voltage waveform of FIG. 2, the voltage across 

60 the secondary winding 102 is not a c o nstant value, but is 
rather a variable voltage that collapses to zero in the sub- 
sequent time interval T 3 , which occurs prior to the subse- 
quent conduction interval of the power switch 10L This 
voltage is operative to actually drive the rectifier 105 con- 

65 ducting over only a portion of the time interval T 2 which is 
indicate by the cross hatched area 202 associated with the 
waveform 201 in FIG. 2. This substantially diminishes the 
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uencnnarxe of the rectifier 105 as a low loss recuficr 
device inis is aggravated by the fact that the body docc 
108 of the rectifier 105 has a large forward voltage drop 
which is too large to efficiently cany the load current. 

The less of efficiency of the synchronous rectifier limits 5 
the overall etucicucy of the power convener and has an 
adverse effect en the possible power density attainable. 
Since the synchronous recuner 105- dees not continuously 
conduct throughout the entire switching period, a conven- 
tional recuf cr diode (e.g. conaeocd in shunt with rectifier l0 
105) capable of carry ing the load current is required in 
addition to MOSFET rectifier 105. This inefficiency is 
further aggravated by thegarc drive energy Dissipation 
associated with the MOSFET recafier 106. This gate drive 
less may exceed the conduction loss for MOSFET rectifier 
106, at high swishing frequency (eg. >3C0,kHz). u 

The efficiency of a forward convener with- synchronous 
rcctiiication is significantly improved according to the 
invention by using a clamp circuit ar r angem ent to limit the 
reset voltage and by using a low forward, voltage drop diode 
in the rectifying circuitry. Such an arrangement is shown in 20 
the schematic of FIG. 3. In this forward power converter the 
power MOSFET device 101 is shunted by a series connec- 
tion of a clamp capacitor 321 and a MOSFET switch device 
322 . The amducting intervals of power switch 101 and 
MOSFET device 322 are mutually exclusive. The duty cycle 25. 
of power switch 101 is D and the duty cycle of MOSFET 
device 322 is 1-D. The voltage inertia of the capacitor 321 
limits the anrpiimde of the reset voltage app ear in g across the. 
magnetizing inductance during the non conducting interval 
of the MOSFET power switch 10L .30 

The diode 323 of the synchrono us recti fier; shown in FIG. 
3, has been substituted for the MOSFET device 106 shown 
in the FIG 1. Due to the dissipation of gate drive energy the . 
overall contribution of the MOSFET rectifier 106 in FIG.1 
is Krrtftwi The damping action of the damping circuitry 35 
results in the con s tan t voltage levd 402 shown in the voltage 
waveform 401, across the s e co ndary winding 102, in the 
Httt*» period Tj. This co nstan t voltage applied to the gate 
drive of the MOSFET rectifier 105 drives it into conduction 
for the entire T 2 reset interval. In this arrangement there is 43 . 
no need for a bipolar or a body diode shunting the MQSHsT 
rectifier 105. An advantage in the damped mode converter 
is that the peak inverse voltage applied to the diode 323 is 
much less than that applied to the similarly positioned 
MOSFET device in FIG. L Accordingly the diode 323 may 45 
be a very efficient low voltage diode which may be embod- 
ied by a low voltage diode normally considered unsuitable 
for rectification purposes, • 

In the operation of the clamped mode forward converter 
the MOSFET switch 322 is turned off just prior to turning 50 
the MOSFET power sw itch on . Energy stored in the parasitic 
capacitances of the MOSFET switching devices 101 and 322 
is .commutated to the leakage inductance of the power 
transformer, discharging the capacitance down toward zero 
voltage. During the time interval T 3 shown in FIG. 4; voltage 53 
across the primar y winding is supported by the leakage ' 
inductance. The voltage across the secondary winding 102 
drops to zero value as shown in . the FIG. 4. With this zero 
voltage level of the secondary winding, the output inductor 
resonantly discharges the gate capacitance of the MOSFET 60 
. rectifying device 105 and eventually forward biases the the 
bipolar diode 323. The delay time T 3 is a fixed design 
parameter and is a factor in the control of the power switches 
101 and 322, which may be switched to ac co mmodate soft 
waveforms. This synchronous rectification circuit of FIG. 3 65 
provides the desired efficiencies lacking in the arrangement 
of the circuit shown in FIG. L 
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Control of the conductivity of ihc power switching 
devices 101 and 322 is by means of a control circuit 350. 
which is conncKcd by lead 35L to an output icrnanai 103 
of the convener 10 sense the output icrnnsai voltage. The 

5 control circuit 350 is conner xd . by leads 353 and 354, id -ihc 
drive terminals of the power switches 101 and 322, The 
drive signals are controlled to regulate an the output voltage 
at output terminal. The exact design of a control crmrit. to 
achieve the desired regulation, is well known in the art and 

in hence is not disclosed in detail herein. This control circuit 
350 is suitable for application to the conveners of FIGS. 
5,6.7 and 8, 

A modified version of the circuit of FIG, 3 is shown in the 
circuit schematic of the FICLS. Tee converter of FIG. 5 is a 
clamped mcde forward converter having two vxtpA synchro- 
nous rectifying devices 105 and 106. In this embodiment of 
the synchronous rectifier the synchronized rectifying device 
106 can be used without adversely affecting the convener 
efficiency at lower operating frequencies. 

The circuit of FIG. 6 is a clamped mode forward converter 
having a rectifier analogous to that of FIG. 3 in using one 
bipolar rectifying diode. The secondary winding is tapped 
creating two sec o nd ary winding segments 603 and 602. 

The converter of FIG. 7 operates in a flyback mode. The 
bipolar and synchronous rectifier device are in a reversed 
^ connection from the connection of FIG.. 3 to accommodate 
the flyback operation. 

In some applications direct application of the gate drive 
signal directly from the secondary winding may result in 
voltage spi kes e xcreting the rating of the gate. A small 
30 signal MOSFET device 813 is connected to couple the 
drive to the MOSFET rectifying device 105. This device 
may be controlled by the control drive lead 815 to Hrmt the 
■pea k volt age applied to the. gate of rectifier 105. The 
MOSFET synchronous rectifier is then discharged through 
35 the body diode of the MOSFET device 813. 
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ID* a. pexoqr 

'power corrverter;} cuui^usxsg: 

anSput for accepting a DC voltage; 
a power transformer mcluding a-primary and secondary 
winding; 

a power switch for periodically connecung the input to is 

primary winding; 
an output for accepting a load to be energized; 
clamping means for Tirm'ting a voltage and extending' the 
voltage's til i "hi fun across the secondary wincing at a 
sccstantxally constant arnpHrndc during substantially an 
entire extent of a clamping interval of a cyclic period of 
the power converter; 
a rectifier circuit connecting the secondary winding to the 
output; and inducing: . 

a synchronous rectification device with a control ter- 
minal connected to be responsive to a signal across 
the secondary winding such that the synchronous 
rectification device conducts a load current dozing 
substantially the entire extent of the clamping inter- 
val; and 

a rectifying device connected for enabling conduction 
of the load c ur rent during a second interval other 
than the c lampin g interval. ] 

2. In a power converter, comprising 
an input for acc ept in g a DC voltage; 
a power transformer including a pri ma ry and secondary 

winding; 

a power switch for periodically connecting the input to the 
primary winding during a second interval of a cyclic 
period; 

an output for accepting a load lo be energized; 
clamping means for limiting a voltage and extending the 
' voltage's duration, across the secondary winding at a 
substantially constant amplitude during substantially an 
entire extent of a clamping interval of a cyclic period of 
the power converter; 

a rectifier circuit connecting the secondary winding to the 
output; and including: 

a first synchronous rectification device with a control 
terminal connected to be responsive to a signal 
across the secondary winding such that the synchro- 
nous rectification device conducts , a load current 
during substantially the entire extent of the clamping 
interval, and 

a second synchronous rectification device with a con- 
trol terminal connected to be responsive to a signal 
across the secondary winding such that the second 
synchronous rectification device conducts the load 
current during substantially -an entire extent of the 
second interval other than the clamping interval. J 

3. In a power convener as claimed in claim 1 or Z 
comprising; 

the converter connected to operate as a forward, type 
^ . converter* J 

1.4. In a power converter as claimed in claim 1 or 2, 
comprising: 

the converter connected to operate as a flyback type 
converter/] 

5. A switching mode power converter, comprising: . 30 
a power transformer inducing a magnetizing inductance 

requiring periodic recycling; 
a first power stage for converting a DC input into a 
periodic pulsed Voltage applied to a primary winding of 
the transformer; including: 35 
a clamping circuit for limiting a voltage of the transformer 
daring the periodic recycling at a substantially constant 
amplitude and extending the voltage duration to main- 
tain a constant voltage for substantially an entire extent 
of periodic recycling; 
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»cl second pover 
pewc?stagc for rccuTying an output of a scc^ 
wincing of the transformer and applying ii to a 
f lead to be energized, including: 

a synchronous rectifier inducing a first seasfying 
device with a control gats connected to be responsive 
to a signal across the secondary wincing such that 
the synchronous rectification . device' concocss a load 
current curing the periodic recycling when the 
clamping circuit is active, and 
a second rectifying device connected for enabling con- 



duction of the .load current when the first rectifying 
/ l-r^—j I r device is nonconducting.^ 

I / / L*- A switching mode power convener as dairaed in daira 
5, further comprising: 

V~l\ second rectifying device comprises a diode.] 

/ /I L 7 - A switching mode power converter as. claims fn r?*fm 



5, further comprising: 
the second rectifying device comprises a rectifying device 
with a control gate co n nect ed to be responsive to a 
jfa I signal of the secondary windiag.3 

/ // L& A switching mode power convener as claimed in claim 
6 or 7, further comprising; 
the secondary winding tapped and separated into first and 
second winding segments, and the -first rectifying 
device is connected to the first winding segment and the 
/ ~~7 ~7 second rectifying device is connected to the second 

p ' '-^"7/ p winding segment. J 

^ / / / L 9. A switching mode power converter as claimed in Hafm 

^ 6 or 7, farther comprising: 



a 8 l~l Q conye™! connected to operate as a forward type 

|y I / ^j^ni convertezj 

■^y I / / A switching mode power converter as claimed in 

gSj claim 6 or 7 t farther comprising: 

~& f *~~7 ~~) <»" v enerconnected to operate as a flyback type 

5: I I converter- j 
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